Introduction {#s1}
============

The work environment of professional musicians can be a stressful world of extreme highs and lows [@pone.0046597-Ostwald1], [@pone.0046597-RobsonBEGillies1] often leading to pre-performance anxiety [@pone.0046597-Kenny1] and post-performance depression [@pone.0046597-RobsonBEGillies1], [@pone.0046597-Bodner1]. Performance anxiety (PA) has a disproportionate effect on musicians [@pone.0046597-Zander1], with estimates of prevalence ranging from 15% to 59% [@pone.0046597-Wesner1]--[@pone.0046597-Kenny2]. Physiological symptoms such as tremors, raised heart rate (HR) [@pone.0046597-Brantigan1], dry mouth and hyperventilation [@pone.0046597-Studer1] and cognitive symptoms, including an inability to concentrate [@pone.0046597-Kenny1], interfere with a musician's ability to perform to the highest possible standard [@pone.0046597-Brantigan1] precisely when they need it the most [@pone.0046597-Kenny1]. Musicians work in a highly competitive environment, where negative evaluation by peers, reviewers and audience members is part of the vocation [@pone.0046597-Steptoe2]. Inability to perform due to anxiety can lead to missed opportunities and loss of income. Given these factors, it is not surprising that a large number of performing musicians rely on pharmacological aids (such as beta-adrenergic antagonists), often without prescription [@pone.0046597-Wesner1] which can lead to adverse mood states [@pone.0046597-Hayes1], [@pone.0046597-Head1]. Others turn to unhelpful coping strategies, such as alcohol consumption [@pone.0046597-Fehm1], [@pone.0046597-Dobson1], in order to minimise the physiological manifestations of PA during performance [@pone.0046597-Wesner1].

Heart rate variability biofeedback (HRV BF) is an intervention involving slow breathing (6 breathes per minute), which dampens physiological arousal in stressful situations [@pone.0046597-DelPozo1]. It has been associated with reductions in anxiety symptoms [@pone.0046597-Tan1], [@pone.0046597-Zucker1] and improved cognitive performance [@pone.0046597-Prinsloo1]. Heart Rate Variability (HRV) is an index of beat to beat changes in heart rate and is a psychophysiological marker for physical and mental health [@pone.0046597-Porges1]--[@pone.0046597-Zulfiqar1]. Low HRV is associated with mood and anxiety disorders [@pone.0046597-Kemp1]--[@pone.0046597-Kemp2]. High HRV has a protective effect and is associated with good health [@pone.0046597-Karemaker1] and well-being [@pone.0046597-Geisler1].

High frequency (HF) HRV reflects the magnitude of PNS influence on HR associated with breathing -- respiratory sinus arrhythmia (RSA) [@pone.0046597-Malik1] -- which is carried to the heart via the tenth cranial (vagus) nerve. Power spectral analysis partitions the observed variability into components of high (HF), low (LF) and very low frequency (VLF) using spectral decomposition, most commonly a Fast Fourier Transformation [@pone.0046597-Malik1]. PNS, sympathetic nervous system (SNS) and blood pressure mechanisms operate on different time scales, so each of these components is thought to be associated with different sources of variability [@pone.0046597-Pumprla1]. The HF component (between 0.15--0.4 Hz) is known to be PNS mediated [@pone.0046597-Berntson1]--[@pone.0046597-Lopes1], while the LF component (0.04--0.15 Hz) reflects a combination of PNS and SNS activity [@pone.0046597-Lane1] via baroreflex function [@pone.0046597-Pumprla1]. As a consequence, the LF/HF ratio is thought to provide information about the relationship of vagal input to the other sources of variability [@pone.0046597-Malliani1].

Higher levels of resting state HF HRV may indicate increased ability to inhibit SNS-mediated arousal [@pone.0046597-Gevirtz1], leading to increased behavioural flexibility [@pone.0046597-Friedman1] in the face of stress and reduced anxiety, as argued by Thayer and colleagues [@pone.0046597-Thayer2]--[@pone.0046597-Thayer4]. Maladaptive emotion regulation strategies, such as worry, lead to acute reductions in HRV [@pone.0046597-Thayer1] whereas social approach behaviors are associated with increased parasympathetic activity, which is facilitated by an increase in vagal tone [@pone.0046597-Porges2]. Porges [@pone.0046597-Porges1] argues that human social engagement is enabled by a functional network of facial, vocal and cardiac cranial nerves, including the vagus. Inhibition of threat-related systems associated with anxiety is dependent upon fast-acting, bi-directional communication between visceral organs and brainstem nuclei via the vagus nerve. Rapid modulations of arousal through vagal mechanisms support adaptive emotion regulation by helping adjust emotions to their context [@pone.0046597-Appelhans1]. Anxiety is related to an individual's ability to employ appropriate emotion regulation strategies [@pone.0046597-CampbellSills1]--[@pone.0046597-Mennin1], thus, improving HRV levels may help to alleviate anxiety.

Physiological processes, such as breathing and HR, are directly involved in emotion regulation during music performance. Disruption to habitual breathing patterns appear to have a bidirectional relationship with anxiety [@pone.0046597-Wilhelm1]. Studer et al. [@pone.0046597-Studer1] found that highly anxious individuals reported more hyperventilation prior to music performance. In contrast, slow, deep breathing can have remarkably beneficial effects, lowering blood pressure [@pone.0046597-Joseph1], increasing blood-oxygen concentration and perhaps altering baroreflex function [@pone.0046597-Lehrer1], [@pone.0046597-Bernardi1]. Slow breathing causes large increases in RSA amplitude [@pone.0046597-Hirsch1]. Bernardi et al. [@pone.0046597-Bernardi2] found slow breathing in simulated altitude reduced SNS activation under hypoxic stress and that those who regularly practice slow yogic breathing displayed a greater SNS inhibition under stress. Interestingly, slow breathing is found in disparate meditative traditions [@pone.0046597-Bernardi3]. It should be noted here that while clinically intriguing, the precise autonomic and regulatory mechanisms provoked by slow breathing are poorly understood. While there is undoubtedly a baroreflex component to 0.1 Hz breathing, baroreflex sensitivity does not show immediate provocation to the modified Oxford method of cardiovagal baroreflex assessment [@pone.0046597-Tzeng1].

The aim of HRV BF is to slow the breathing (normally ∼15 breaths per minute) to coincide with HRV changes due to the baroreflex (∼6 cycles per minute, or 0.1 hz) resulting in what is known as resonant frequency [@pone.0046597-Lehrer2], resulting in a large multiplicative increase in the amplitude of HR oscillations and HRV power. Each individual has a resonant frequency [@pone.0046597-Lehrer1] usually achieved at around 6 breaths per minute [@pone.0046597-Hirsch1]. HRV BF involves training in abdominal breathing techniques, establishment of resonant frequency and monitoring over 10 weeks with home practice [@pone.0046597-Lehrer2]. It has been linked to improvements in PTSD symptoms [@pone.0046597-Tan1], [@pone.0046597-Zucker1], depression [@pone.0046597-Siepmann1]--[@pone.0046597-Hassett1], state anxiety [@pone.0046597-Siepmann1], [@pone.0046597-Thurber1], cardiovascular disease [@pone.0046597-DelPozo1],[@pone.0046597-Swanson1],[@pone.0046597-Cowan1] and HRV levels [@pone.0046597-DelPozo1], [@pone.0046597-Zucker1], [@pone.0046597-Siepmann1], [@pone.0046597-Thurber1]. However, many of these studies used either no control group [@pone.0046597-Karavidas1], [@pone.0046597-Hassett1], fail to control for experimenter contact [@pone.0046597-DelPozo1], [@pone.0046597-Thurber1], [@pone.0046597-Bradley1], or introduce HRV BF along with emotion regulation strategies without controlling for the effects of these additional strategies [@pone.0046597-Thurber1], [@pone.0046597-Bradley1], highlighting the need for further research. When used in conjunction with cognitive treatments, HRV BF may improve emotion regulation capacity and thereby maximise the benefits of psychotherapy in treating anxiety [@pone.0046597-Bradley1].

A laboratory test designed to probe the nature of anxious response to performance must produce a period of anxious apprehension prior to performance, and potential for negative evaluation. Responses to this challenge can be measured using both HRV and self report measures. If biofeedback is effective in reducing anxiety, then vagal withdrawal and self reported anxiety should be reduced after receiving HRV BF. The Trier Social Stress Test (TSST) [@pone.0046597-Kirschbaum1] is an established, standardised procedure recognised for producing physiological arousal in laboratory conditions [@pone.0046597-Shirotsuki1] in response to the psychosocial stress of performing in front of an audience [@pone.0046597-Williams1]. It involves a period of anxious apprehension prior to a speech on a difficult topic in front of a panel of judges. The anxious anticipation phase induces worry and preparation for future threat [@pone.0046597-deTimary1]. This technique has been used to explore elements of social phobia in clinical [@pone.0046597-Edwards1] and normal populations [@pone.0046597-Mauss1]. The TSST may be modified for musicians by replacing the speech component with a difficult musical performance task and requiring participants to look over the music and prepare their performance during an anticipation phase, a reliable stress response should be induced.

The aim of the current study was to explore the efficacy of HRV BF as an intervention for music performance anxiety. We hypothesised that, relative to control, the HRV BF and/or slow breathing intervention would: (1) reduce vagal withdrawal during anxious anticipation of a stressful performance task, leading to increased HRV during the anticipation phase following intervention; and (2) lead to reductions in self-reported state anxiety following musical performance. We demonstrate that a short slow breathing intervention increases HRV, and, amongst highly anxious participants, reduces anxiety.

Methods {#s2}
=======

Participants {#s2a}
------------

46 musicians (24 females; aged 19--67, *M* = 30.4, *SD* = 11.98), trained as wind or brass players (n = 30), singers (n = 11), or string players (n = 5) (minimum grade 8 as determined by the Australian Music Examinations Board or tertiary level) participated in this study. All participants were required to abstain from food or drink for 2 hours prior to the experiment and caffeine on the day of experiment to control for the impact of these variables on HRV. Ethics approval was granted by the University of Sydney's Human Research Ethics Committee (ref. 13702). All participants provided written informed consent in accordance with the Australian National Health and Medical Research Council guidelines.

Materials {#s2b}
---------

HRV data was collected on the *Polar RS800CX* watch and chest-strap, which is a validated instrument for collecting HR and R-R interval data [@pone.0046597-Weippert1], [@pone.0046597-Quintana1], and event markers. HRV BF was administered on *Resilience Builder* HRV biofeedback software (*Innate Intelligence,* [www.i-i.com.au/RB/index.html](http://www.i-i.com.au/RB/index.html)), run on an Acer Aspire 1 ZG5 laptop connected via USB to a finger pulse sensor (Biocom technologies pulse wave monitor HRM-02) a photoplethesmograph showing high (0.97) concordance with ECG measures [@pone.0046597-Russoniello1]. The training component involved presenting a breathing pacer (Figure1); a small ball rising for inhalation and descending for exhalation at six breaths per minute, with extended expiration relative to inspiration. HRV feedback was provided via a colour-coded graph indicating low to high levels. HR feedback was provided in another graph above this.

![Screen shot of *Resilience Builder* software training screen and slow breathing pacer.\
a) The ball rises for inhalation and falls for exhalation with a longer interval for exhalation. The top graph shows HR, the large amplitude wave indicates slow deep breathing. The lower graph indicates score, which is very high in this case. b) Breathing pacer identical to Resilience Builder yet no feedback is provided.](pone.0046597.g001){#pone-0046597-g001}

Demographic information on smoking; past major health issues and mental illness; recent stimulant use (caffeine, amphetamines etc.); pregnancy; food or drink within last two hours and Body Mass Index (BMI) was collected. Information on recent physical activity (time spent doing vigorous and moderate physical exercise, sitting and walking in the last 7 days) was collected using the IPAQ [@pone.0046597-Hagstrmer1]. The State-Trait Anxiety Inventory (revised STAI-Y; [@pone.0046597-Spielberger1]) assessed anxiety. It is a brief, easily administered scale, consisting of 40 items coded on a 4-point Likert scale. It is a well validated, international instrument [@pone.0046597-Corruble1], sensitive to experimental manipulations of stress which discriminates between stable and transient factors contributing to anxiety [@pone.0046597-Hishinuma1]. The state subscale (STAI-S) measures transient emotional reactions. Scores range from 20 to 80, with a mean of approximately 34 and scores of 44 indicative of a highly anxious state [@pone.0046597-Corruble1], [@pone.0046597-Millar1]. The STAI exhibits good internal consistency (α = 0.83--0.86); [@pone.0046597-Hedberg1] and test-retest reliability (α = 0.73--0.86; Spielberger, 1983).

Musical tasks were created using Sibelius music notation software (Sibelius 6, version 6.0.1 build 5 audio engine vl.0145) and were designed to be very difficult for experienced sight readers. *Music task 1* involved sight singing a short, highly difficult, atonal musical passage; a modified excerpt of the orchestral flute part of *Le Marteau sans Maitre* [@pone.0046597-Boulez1]. The post intervention task was the same notes re-ordered. *Music task 2* involved sight reading, on instrument, a passage from one of two similar movements of *Quartet for the end of time* by Oliver Messiaen [@pone.0046597-Messiaen1] to accompaniment performed on a Kawai grand piano, recorded on a Sony MD walkman MZ-NH700 mini-disc recorder and played back on computer through a Sony GRX10AV amplifier and DSE A2667 100W speakers. Performances were filmed on a Sony HDR-SR7E video recorder mounted on a Giottos VT-806 tripod. Participants were led to believe the recording would be used to assess performance quality. The true purpose of the camera, however, was to present the possibility of negative evaluation and to provide video for examination when anomalies (such as movement artefacts) in HRV recordings were observed.

Procedure {#s2c}
---------

The experiment was conducted in a sound attenuated room in the School of Psychology's Psychophysiology Laboratory at the University of Sydney. Participants were assigned to group by a computer-generated list of random numbers, and after randomisation, fitted with the Polar HR monitor device. Testing was counterbalanced for time of day across group to control for known HRV circadian rhythms [@pone.0046597-Healy1]. Recording began and experimental conditions were marked using time stamps on the Polar watch. All conditions were 5 minutes in accordance with HRV taskforce recommendations [@pone.0046597-Malik1]. Screening questionnaires and baseline STAI-S were completed, then a five-minute resting state HRV recording was made while participants were sitting still, palms up, eyes open. *Anticipation phase*: Participants entered the testing room and were instructed to sit still and examine the music for five minutes in order to prepare for their performance. They were informed that their performance would be recorded on video camera while the experimenter observed. Participants were told to prepare for the performance ahead, concentrating on accuracy and musical interpretation, to the best of their ability. The experimenter then left the room. *Performance phase:* Participants were instructed to begin the performance without stopping in the event of a mistake and to remember that interpretive quality was important. Following the testing phase participants moved to the intervention room and completed STAI-S questionnaires. Diaphragmatic breathing was demonstrated and participants completed a number of breathing exercises. *Intervention phase:* Intervention lasted 30 minutes. The biofeedback and breathing control group were given diaphragmatic breating instruction. The biofeedback group received a modified version of a biofeedback procedure previously validated by Lehrer and colleagues [@pone.0046597-Lehrer2]. Participants were instructed to increase RSA by breathing with the pacer in order to increase the amplitude of HR fluctuations to achieve the best possible feedback graph score while breathing in a free, relaxed way. The breathing control group were given all the same breathing instructions and breathed to a functionally identical pacer without feedback. The no-intervention control group were simply instructed to read their preferred reading material. Post-intervention testing featured exactly the same procedure as the pre-intervention anticipation and performance phases with counterbalanced novel musical stimuli followed by STAI-S completion.

Data and Statistics {#s2d}
-------------------

Text files of the R-R interval data were extracted from the Polar watch and were entered into Kubios HRV (version 2.0, 2008, biosignal analysis and medical imaging group, University of Kuopio, Finland, MATLAB). Five-minute resting baseline and 5-minute anticipation phases were then filtered with the low automatic filter and visually inspected for artefact. Interbeat intervals (IBI) varying more than 20% from the previous interval [@pone.0046597-Malik1] were replaced by linear interpolation. Two participants with large amounts of artefact were excluded. Upon examination of HRV variables, an additional participant was identified as an outlier in multiple univariate analyses with z scores exceeding the conventional cut-off of 3.29 [@pone.0046597-Tabachnick1] and was excluded from the analysis.

Statistical Analysis {#s2e}
--------------------

Statistical tests were conducted using IBM SPSS Statistics 19. A one way ANOVA was conducted to detect any between group differences in resting state HRV. 3 group (HRV BF, Slow Breathing, No Treatment Control)×(2) time (pre, post intervention), mixed design ANCOVAs were then conducted on both HF and LF/HF ratio measures of HRV. Time spent walking in the past seven days was added as a covariate in order to control for the effect of recent exercise on HRV [@pone.0046597-Hynynen1]. A 3 group (HRV BF, Slow Breathing, No Treatment Control) ×(2) time (pre, post intervention), mixed design ANCOVA was also conducted with STAI-S scores as the dependent variable. Baseline STAI-S scores were entered as a covariate in order to control for individual differences in state anxiety. The between-subject factor was whether participants received slow, paced breathing plus biofeedback; slow, paced breathing alone or no-treatment control (book reading). Planned contrasts were conducted on all mixed design ANCOVAs to examine differences between the two intervention groups as well as between the intervention and control. The two within-subjects levels were pre- and post-intervention scores. Statistical significance level was set at 0.05 (one-tailed; pairwise comparisons with directional hypotheses).

Results {#s3}
=======

Participant Characteristics {#s3a}
---------------------------

Demographics are presented in [Table 1](#pone-0046597-t001){ref-type="table"}. See [Figure 2](#pone-0046597-g002){ref-type="fig"} for progress of participants through the study. While the intervention groups displayed higher STAI-T scores than controls, (*F*(2,41) = 4.497, *p* = 0.017), and a greater frequency of reporting history of mental illness (*F*(2,38) = 3.694, p = 0.034), no differences were observed on baseline resting state HRV(HF: *F* = 0.294, *p* = 0.591, LF/HF: *F* = 0.231, *p* = 0.633) or baseline state anxiety (*F*(1,42) = 1.316, *p* = 0.258). Graphs were visually inspected to determine whether mental illness history had a systematic effect on dependent variables. Individuals with a history of mental illness were evenly spread on all measures except LF/HF ratio on which one participant, with a history of mental illness, scored considerably higher. Since these scores did not fulfil the criteria for outliers outlined above, and the participant appeared normal on the other four measures, they were not excluded from the analysis. Higher levels of both trait anxiety (Kenny, 2004), self-reported mental health history (Marchant-Haycox, 1992) and higher reporting of psychological symptoms (Zander, 2010) have been reported in musicians as compared to normative samples. Consequently, participants with a history of mental illness were not removed from analyses to maintain a representative sample of musicians. Instead, further analyses were conducted to understand the role of mental illness in the findings obtained (described below).

![Flow diagram of participant progress through the study.\
Figure depicts progress through the stages of the experiment, including when and why participants were excluded. Conforms to CONSORT guidelines [@pone.0046597-Schulz1].](pone.0046597.g002){#pone-0046597-g002}

10.1371/journal.pone.0046597.t001

###### Participant characteristics.

![](pone.0046597.t001){#pone-0046597-t001-1}

                                                         Group                                                                    
  ----------------------------- --------- ----------- ----------- ----------- ------- ------------ ------- ------- ------- ------ ------
  Age                                                    29.42       7.56      31.86      2.7       32.93   14.81   2,38    0.27   0.77
  Body mass Index                            24.26       4.56        23.58     3.69      21.55      1.74    2,36    2.31    0.11  
  PANAS negative                             12.07       4.10        15.00     5.99      12.20      2.93    2, 41   1.976   0.15  
  PANAS positive                  29.21     10.928       33.73       3.058     29.93     6.319      2, 41   1.589   0.216         
  STAI-S                          34.64      8.308       32.67       7.835     30.4      10.308     2, 41   0.827   0.445         
  STAI-T                          45.07      8.722       42.13       9.07      35.53     8.626      2, 41   4.497   0.017         
  Exercise in the last 7 days                                                                                                     
  Vigorous (mins)                122.73     105.39       51.43       58.16     99.67     107.31     2,37    1.99    0.15          
  Moderate (mins)                 56.91      75.67       61.5        65.64     80.87     78.69      2,37    0.409   0.67          
  Hours sitting                   6.82       2.35        5.57        3.43      6.39       2.98      2,36    0.57    0.57          
  Hours walking                    2.8       2.38        4.54        2.63       4.5       2.86      2,37    1.69     0.2          
                                           Frequency   Frequency   Frequency   *df*    ***X^2^***   sig.                          
  Gender                          Males        6           7           7                                                          
                                 Females       6           7           8         2        0.04      0.98                          
  History of Mental Illness         4          5           0           2       5.953    0.05^a^                                   
  Past Medical Problems             4          4           2           2       2.25     0.33^a^                                   
  Caffeine in last 24 hrs           4          4           6           2       0.59     0.74^a^                                   
  Using medication                  3          2           2           2       1.59     0.56^a^                                   
  Smoker                            2          1           2           2       8.68     0.65^a^                                   

Validation of Anxiety-Provoking Task and the Intervention {#s3b}
---------------------------------------------------------

Overall, participants exhibited anxiety symptoms in response to the anxiety-provoking performance task, showing significant reductions in HF from resting state to anxious anticipation, *F*(1,34) = 4.165, *p* = 0.049, and significant increases in STAI -- S scores, *F*(1,39) = 29.069, *p*\<0.001 regardless of intervention. Examination of individual data revealed large increases in RSA amplitude during the slow breathing tasks ([Figure 3](#pone-0046597-g003){ref-type="fig"}), consistent with the expected effects of the intervention.

![Individual Data: Interbeat intervals (IBI) and frequency analysis during Rest period and Slow breathing.\
a) IBI during two minutes of resting state. Changes in HR due to respiration, 12--14 breaths per minute, are small and irregular. b) IBI during two minutes of slow breathing. Changes in HR due to respiration, 6 breathes per minute, are large and regular. High amplitude indicates large differences between the slowest beats during exhalation and fastest beats during inhalation. c) Frequency analysis during 5 minutes resting state indicates low amplitude LF and HF (recording is too short to accurately characterise VLF (Malick, 1996)) d) Frequency analysis during 5 minutes slow breathing indicates very high amplitude LF oscillations at the frequency of breathing (10 times per minute or 0.1 Hz).](pone.0046597.g003){#pone-0046597-g003}

HRV during Anxious Anticipation {#s3c}
-------------------------------

3 Group (HRV BF, Slow Breathing, No Treatment Control)×(2) Time (pre, post intervention) mixed design ANCOVAs were employed for HF and LF/HF ratio with time spent walking as a covariate. There were no significant main effects for time, group or interaction between group and time. Planned contrasts revealed a significant interaction when comparing intervention groups (HRV BF and breathing) to control, HF: *t*(38) = 2.32, *p* = 0.026 (see [Table 2](#pone-0046597-t002){ref-type="table"}), LF/HF: *t*(38) = 2.21, *p* = 0.017.These findings ([Figure 4](#pone-0046597-g004){ref-type="fig"} and [Table 2](#pone-0046597-t002){ref-type="table"}) indicate an increase in vagal tone in the intervention groups (HRV BF and slow breathing) but a decrease in vagal tone in the control group in the post intervention relative to pre intervention assessment.

![Group differences in HRV comparing intervention to control.\
Group means and standard error for HRV measures during anxious anticipation pre and post intervention. Both HF and LF/HF ratio showed significant group by time interactions. a) Participants in the intervention group increased HF after intervention, whereas those in the control group decreased. b) Participant in the intervention group decreased LF/HF ratio whereas those in the control group increased.](pone.0046597.g004){#pone-0046597-g004}

10.1371/journal.pone.0046597.t002

###### High Frequency (Natural log) Means and Standard Error.

![](pone.0046597.t002){#pone-0046597-t002-2}

                                                    Group                          
  -------------------------------- ------- ------- ------- ------- ------- ------- ------
  Pre-intervention Anticipation     3.219   .146    3.219   .131    3.428   .122   
  Post-intervention Anticipation            3.419   .127    3.298   .114    3.205   .106

Behavioural Data: State Anxiety {#s3d}
-------------------------------

Two participants with missing data were excluded. A 3 Group (HRV BF, slow breathing, control)×(2) time (pre-, post-intervention) mixed design ANCOVA was conducted with pre and post intervention STAI-S scores as the dependent variables and baseline STAI-S as a covariate to control for individual differences. There were no significant main effects for time, group or interaction between group and time. Planned contrasts revealed no significant interaction when comparing intervention groups (HRV BF and breathing) to control, intervention *MD* = 5.31; control *MD* = 1.082; *t*(38) = 1.56, *p* = 0.064, or when comparing HRV BF to breathing groups, *t*(38) = 0.38, *p* = 0.348. Those who received intervention showed significantly decreased STAI-S scores following intervention, *t*(df) = 3.33, *p* = 0.001 where as those in the control group showed negligible differences, *t(df)* = 0.5, *p* = 0.314.

Post-Hoc Analyses {#s3e}
-----------------

### Interaction between Group and Pre-intervention Anxiety {#s3e1}

We conducted additional post hoc regression analyses to determine whether pre-existing state anxiety levels in response to performance impacted on change in state-anxiety following intervention. It was hypothesised that high-anxious individuals in the breathing group would show large reductions in STAI-S scores from pre to post intervention whereas low-anxious individuals would show a floor effect, i.e., already low anxiety scores would remain low. Pre-intervention STAI-S scores were entered as the first step in a hierarchical regression - this is a more accurate measure of music performance anxiety than baseline STAI-S since it is in response to music performance, predicting STAI-S pre-post difference scores. Their interaction term was then added. Pre-intervention STAI-S scores significantly moderated the relationship between group and pre-post anxiety difference scores (*β* = 0.46, *F change* (1,38) = 4.92, *p = *0.033) confirming our hypothesis.

Simple slopes revealed a significant linear relationship between pre-intervention STAI-S and STAI-S change scores in the intervention group (*β* = 0.59, *F*(1,25) = 12.99, *p = *0.001), but not in the control group (*β* = 0.11, *F*(1,13) = 0.17, *p = *0.69). These findings indicate that individuals exhibiting higher anxiety initially tended to report greater reductions in anxiety after the intervention phase and this relationship was significantly different than that in the control group.

### Between group differences amongst high-anxious individuals {#s3e2}

The interaction between existing anxiety and intervention indicated a floor effect amongst low anxious individuals, which may have masked a clinically-relevant intervention effect in high anxious individuals. In order to compare groups with similar levels of pre-existing anxiety, groups were subdivided into high and low anxiety by median split. Comparison of observed median to population norms for the STAI-S (*M = *34.2) [@pone.0046597-Millar1], [@pone.0046597-Spielberger2] indicated that the median of 43 represents a clinically meaningful cut-off point. The high-anxious participants in intervention and control groups had similar (high) levels of pre-intervention state anxiety (intervention group: *M = *53.1; control *M = *52.3). It was hypothesised that, amongst high-anxious individuals, the intervention would result in significantly greater pre-post reductions in STAI-S scores.

The non-parametric Mann-Whitney U was used, due to small sample size, to test the difference in STAI-S reductions (change scores) between the intervention and control groups amongst high anxious individuals. Participants in the intervention group (*Mdn* = 7) exhibited a significantly greater reduction in STAI-S scores than those in the control group (*Mdn* = −1), *U* = 21.5, *p* = 0.045, *r = *0.379 (one-tailed) ([Figure 5](#pone-0046597-g005){ref-type="fig"}).

![Group medians of STAI-S scores before and after intervention amongst highly anxious individuals.\
Amongst highly anxious individuals, participants in the intervention group showed a reduction in reported state anxiety while those in the control group showed a modest increase. The difference between pre-post difference scores for each group was significant (i.e. a group by time interaction).](pone.0046597.g005){#pone-0046597-g005}

![The role of cognitive and physiological factors in the development of MPA.\
The interaction of cognitive and emotional factors in the etiology of music performance anxiety. The performance situation is interpreted in line with previous performance experience and cognitive factors, such as pressure to perform. Slow breathing intervention influences level of vagal tone, inhibiting immediate arousal and enhancing approach tendencies. These physiological factors feedback to cortical areas to influence further interpretation of the environment as either threatening or safe. Perceived safety determines behaviour and interpretation of performance, which leads to either dysregulation and anxiety or successful regulation and coping behaviours. Level of anxious response determines future interpretations of performance environment.](pone.0046597.g006){#pone-0046597-g006}

Discussion {#s4}
==========

The results of this study provide evidence for the efficacy of a slow breathing protocol: HRV levels were increased in response to stress, and state anxiety reduced in anxious individuals. The aim of the study was to examine whether a single session of slow breathing (with or without HRV BF) was effective in reducing both vagal withdrawal and state anxiety in response to the psychosocial stress of musical performance. Participants who received slow breathing exhibited greater increases in HF and decreases in LF/HF ratio than controls after intervention, indicating increased levels of parasympathetic influence on HR while under stress. This increased level of PNS inhibition may allow participants to better regulate physiological arousal prior to music performance and to perform more competently. Amongst highly anxious individuals, the intervention also led to greater reductions in self-reported anxiety than controls, indicating that slow breathing may have clinically-relevant effects for performing musicians who suffer from anxiety.

The anticipation phase of this experiment mimicked the conditions that can lead to MPA. The presence of the experimenter created the possibility for negative evaluation while the high difficulty of the tasks made it likely that participants would make mistakes, inducing physiological and behavioural symptoms of performance anxiety, indicated by marked HF reductions and self-reported increases in state anxiety respectively. Under these stressful conditions, intervention produced increases in HRV as well as decreases in self-reported anxiety in high anxious individuals.

Slow breathing, with or without BF, produced differential effects on both HF and LF/HF after intervention compared to controls. Any potential differences produced by the addition of biofeedback were not apparent after a single session. Those who received the slow breathing intervention (relative to controls) showed marked increases in HF, indicating increases in vagal influence on HR during anticipation of a socially stressful and technically challenging musical performance. These increases were observed despite the effects of mental fatigue, which is known to cause decreases in HF [@pone.0046597-Mizuno1]. This is also a likely explanation for HF decreases in the control group. While the control group showed increases in LF/HF ratio, indicating increased LF relative to HF levels, the intervention group showed decreased levels of LF relative to HF power during the anticipation phase following intervention.

LF/HF ratio indicates the amount of HRV that is due to a combination of SNS, PNS and blood pressure mechanisms (LF) relative to vagal input (HF) under normal conditions. It should be noted that LF levels are also inflated by slow breathing, especially when breathing at a rate of 0.1 Hz, which is in the LF range. Breathing at this rate creates a resonant effect whereby oscillations of vagal outflow are timed to coincide with those in baroreflex action, producing large increases in the amplitude of HR changes [@pone.0046597-Lehrer2]. Our LF/HF ratio findings under anticipation stress indicate that participants receiving the intervention were not simply continuing to breathe at 0.1 Hz (LF). Rather, the increases in HRV amplitude at the rate of normal breathing (HF) were greater. The HRV amplitude increases associated with the intervention were maintained under normal breathing conditions, and in the face of psychological challenge. Current thinking places LF activity as activity of the baroreflex [@pone.0046597-Goldstein1], [@pone.0046597-Heathers1] and therefore calls into question the direct relationship between LF/HF ratio and SNS/PNS balance (eg. [@pone.0046597-Pagani1]); while our findings do not provide evidence on this subject, our findings do indicate that reductions in LF/HF during stress are associated with state-anxiety reductions.

We also observed a relationship between the level of state anxiety prior to the intervention and state anxiety after the intervention. Regression analyses revealed that initially high anxious individuals tended to show reductions in state anxiety after intervention. By contrast, no effects were observed in those with low state anxiety before the intervention. Regrouping removed this confounding factor and allowed intervention and control participants of similar levels of anxiety to be compared. This finding highlights the potential for slow breathing to reduce state anxiety in musicians who experience anxiety in performance situations.

These findings support a model of MPA in which autonomic regulation impacts on the experience of anxiety in response to music performance while highlighting the effectiveness of slow breathing as an intervention which can lead to clinically relevant reductions in anxiety. Higher levels of vagal tone are associated with greater executive control and ability to inhibit fear-related emotional responses through cortical inhibition of lower limbic structures [@pone.0046597-Lane1]; and enable social engagement through bi-directional feedback between heart and brain [@pone.0046597-Porges1]. Individuals with a high level of vagal tone display greater flexibility in response to challenges and are able to effectively inhibit SNS activity associated with stress [@pone.0046597-Friedman1]. This increased autonomic flexibility allows for the effective regulation of negative emotion in the face of stress [@pone.0046597-Appelhans1] which is, in turn, required for the amelioration of anxiety. MPA may arise from acute awareness of the possibility for negative evaluation leading to physiological symptoms which subsequently interfere with successful performance [@pone.0046597-Kenny1]. Impacting on physiological feedback mechanisms through slow breathing helps to inhibit threat-related arousal, reduce threat appraisal and break the MPA cycle ([Figure 6](#pone-0046597-g006){ref-type="fig"}).

A variety of questions regarding the role of breathing rate in performance anxiety are raised by this study, for which measurement of breathing rate may help to clarify in future studies. It may be the case that those who reported high anxiety in response to initial performance showed dysregulated breathing as found by Studer et al. [@pone.0046597-Studer1]. It may be that hyperventilation in anticipation of performance potentiates physiological anxiety and that either the abdominal breathing training or the slow paced breathing prevented this from occurring after intervention. Breathing rate during anticipation could be compared with HRV and state anxiety findings to determine if better regulated breathing (ie. slower, deeper breathes) leads to both HRV increases and state anxiety decreases. Even if the observed effect of slow breathing is purely due to placebo effect, since it was evident to participants that they were receiving an intervention, the intervention comes with so few costs, that its use may be justified. There are no known side effects, it requires no expensive equipment or special knowledge, it has no financial cost, and it is non-pharmacological. Pharmacological treatments, such as beta-blockers can have adverse mood effects [@pone.0046597-Head1]. Slow breathing also has the added benefits of increased oxygen absorption and lowered blood pressure [@pone.0046597-Joseph1], [@pone.0046597-Bernardi1]. The findings of this preliminary trial warrant further longitudinal investigation in order to better determine the effect of slow breathing on MPA, particularly in samples of those with clinical levels of MPA.

This study did not include important components of a full HRV BF treatment, such as establishment of resonant frequency and a 10 week course. There may be additional effects which only become apparent with practice. Previous research has shown that longer courses of HRV BF can result in significantly greater HRV increases relative to relaxation techniques [@pone.0046597-Zucker1]. If there is a therapeutic effect of HRV BF above relaxation produced by slow breathing then this may only become apparent after a full course of treatment. This possibility remains to be tested. An important component omitted in the present study was the establishment of individual resonant frequency. Lehrer et al. [@pone.0046597-Lehrer2] argue that resonant frequency calculation is integral to the therapeutic effect of HRV BF since maximal HRV is produced at resonant frequency. Previous studies, which have calculated resonant frequency prior to commencing treatment, have reported results supporting the efficacy of HRV BF [@pone.0046597-DelPozo1], [@pone.0046597-Tan1], [@pone.0046597-Nolan1], [@pone.0046597-Thurber1]. The establishment of resonant frequency is a time consuming process, which was not practical in the present, single session experiment. It is possible that differences between HRV BF and slow breathing may emerge when resonant frequency is calculated for individual participants.

In summary, the results of the present study indicate that diaphragmatic breathing instruction and a single session of slow breathing are sufficient to produce HRV increases and state anxiety reductions among musicians with high state anxiety, and that biofeedback is not necessary for these changes to occur. This suggests that integration of slow breathing with more comprehensive psychotherapy strategies may have clinical utility in the treatment of individuals with MPA. Slow breathing may be a viable alternative to beta-blockers for inhibition of SNS activity during performance. Future studies could compare slow breathing to beta-blockers and placebo treatments such as paced breathing at a normal rate (approximately 15 breathes per minute [@pone.0046597-Joseph1]). A longitudinal study may help determine whether the addition of biofeedback leads to better results with practice.
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